The tectonic and topographic history of the Himalaya-Tibet orogenic system remains controversial, with several competing models that predict different exhumation histories. Here, we present new low-temperature thermochronological data from the Mount Everest region, which, combined with thermal-kinematic landscape evolution modeling, indicate asymmetric exhumation of Mount Everest consistent with a scenario in which the southern edge of the Tibetan Plateau was located >100 km farther south during the mid-Miocene. Northward plateau retreat was caused by erosional incision during the Pliocene. Our results suggest that the South Tibetan Detachment was a localized structure and that no coupling between precipitation and erosion is required for Miocene exhumation of Greater Himalayan Sequence rocks on Mount Everest.
INTRODUCTION
Mount Everest is the culmination of the High Himalayan topographic crest, which forms the boundary between the arid Tibetan Plateau and the more rugged and humid southern side of the Himalaya (Fig. 1) . Although much work has been done on the middle to late Cenozoic tectonic history of Greater Himalaya Sequence (GHS) midcrustal rocks in the Mount Everest region (e.g., Murphy and Harrison, 1999; Cottle et al., 2015) , the timing and magnitude of exhumation of these rocks remain largely unresolved. Also, the development of Himalayan topography is uncertain: Does the modern topography represent the culmination of southward growth of Tibet, or northward erosional retreat of the plateau?
The exhumation history of GHS rocks with respect to the South Tibetan Detachment System (STDS) is important for testing tectonic models for the Himalaya. The STDS has been interpreted as a gravity-driven normal fault (Burg et al., 1984; Pêcher, 1991) , the northern boundary of an extruded wedge of GHS rocks (Burchfiel et al., 1992) , the top of a midcrustal ductile channel (Beaumont et al., 2004; Jamieson et al., 2004) , and a passive roof thrust above a southwardverging wedge of GHS rocks (Yin, 2006) . These models make different predictions for the exhumation history of GHS rocks.
Thermochronological data are sparse and mostly available for the southern side of the High Himalaya (e.g., Thiede and Ehlers, 2013, and references therein Ar, apatite fission-track (AFT), and apatite (U-Th)/He (AHe) thermochronological data, which, when combined with existing data, can test these models. We couple this with numerical modeling to constrain the north-tosouth tectono-topographic and exhumation history across the highest part of the Himalaya.
GEOLOGICAL SETTING OF MOUNT EVEREST
The Himalayan thrust belt is composed of upper-crustal rocks that have been thrust southward since early Cenozoic time. The northernmost major thrust fault in the range is the Main Central Thrust (MCT), which places amphibolite-grade GHS rocks on top of Lesser Himalayan low-grade metasedimentary rocks (Fig. 1) . The most significant structure in the Mount Everest region is the northward-dipping STDS, which separates rocks of the Tethyan Himalayan sequence (THS) above from the GHS below (Figs. 1B and 1C; Burchfiel et al., 1992; Burg et al., 1984) . The THS consists of PaleozoicMesozoic sedimentary and low-grade metasedimentary rocks that were incorporated into the Himalayan orogenic wedge during Eocene and Oligocene time (Aikman et al., 2008) and buried GHS protoliths to depths sufficient for Barrovian metamorphism. The GHS was subsequently exhumed and thrust southward on top of Lesser Himalayan rocks along the MCT during early Miocene time (e.g., Hodges, 2000) . Cenozoic leucogranites are common in GHS rocks and formed by decompression anatexis of metapelites and gneisses during STDS slip (e.g., Harris and Massey, 1994) , mostly between ca. 22 and 12 Ma (e.g., Cottle et al., 2015 , and references therein).
CLIMATE ACROSS MOUNT EVEREST
The Himalaya constitutes an orographic barrier to northward movement of southerly air masses; the result is a sharp gradient in precipitation, with rainfall of 1-3 m/yr south of the divide and <0.5 m north of the divide (Bookhagen and Burbank, 2006) . Mount Everest is flanked on the south and east by the steep Khumbu and Kangshung Glaciers, and to the north by the less-steep East Rongbuk and West Rongbuk Glaciers (Fig. 2A) . The Khumbu and Kangshung Glacier headwalls truncate the West Rongbuk and East Rongbuk Glacier headwalls, respectively ( Fig. 2A) , indicating the importance of headward glacial erosion south of the divide (Scherler et al., 2011) . Advances of the Rongbuk and Khumbu Glaciers were broadly synchronous and correspond to times of Holocene strengthened monsoon precipitation (Owen et al., 2009 ).
THERMOCHRONOLOGICAL RESULTS FROM MOUNT EVEREST
We collected samples from the Rongbuk and Gyachung Chhu Rivers draining the northern flank of Mount Everest and neighboring summits ( Fig. 2 ) and 12 samples of GHS gneiss and leucogranite in the footwall of the STDS along the eastern wall of Rongbuk Gorge ( The detrital data set provides the first catchmentwide exhumation record for the Mount Everest region. Seven of the bedrock samples produced AFT ages, and one sample was analyzed for AHe thermochronology (Table DR1 in the GSA Data Repository). The combination of dated minerals constrains the cooling history of these rocks through the ~350-60 °C temperature window (Reiners and Brandon, 2006) .
AFT ages of bedrock samples range between 15.6 ± 2.8 Ma and 12.7 ± 1.5 Ma and are within error of each other, with a mean age of 14.8 ± 3.2 Ma ( Fig. 2C ; Ages (Ma) Zircon (U-Th)/He data (Orme et al., 2015) AFT data (this study)
Monazite U-Pb ages of dikes (Murphy and Harrison, 1999) 40 Ar/ 39 Ar data (Hodges et al., 1998) Apatite (U-Th)/He data (this study) U/Th-Pb, TIMS and LA-MC-ICPMS of leucogranite sills (Cottle et al., 2015) 87°0'0"E 86°45'0"E Everest cooled rapidly through the ~350-60 °C thermal window between ca. 16 and ca. 12 Ma.
EXHUMATION ACROSS MOUNT EVEREST AND THERMOKINEMATIC NUMERICAL MODELING
Comparison of our data with thermochronological ages from GHS rocks from roughly the same structural position across the orographic divide to the south (Streule et al., 2012) indicates asymmetric cooling and exhumation. GHS rocks north of Mount Everest and below the present STDS cooled rapidly through the 40 Ar/ 39 Ar, zircon He, and AFT closure temperatures during early to middle Miocene time; a few Oligocene-early Miocene AFT ages (Streule et al., 2012; Sakai et al., 2005) can be explained by limited exhumation of STDS hanging-wall rocks. In contrast, data from GHS rocks exposed south of Mount Everest indicate that they cooled through the white mica 40 Ar/ 39 Ar closure temperature during Miocene time but remained hotter than the AFT closure temperature until they were exhumed during the Pliocene (Wang et al., 2010; Streule et al., 2012; Thiede and Ehlers, 2013 ; see the Data Repository, and Fig. DR1  therein) . The asymmetric exhumation history of Mount Everest can be explained by localized tectonic exhumation along the STDS between ca. 16 and ca. 12 Ma. Limited erosion since ca. 12 Ma to the north of Mount Everest is consistent with high paleoelevations (Gébelin et al., 2013) and limited precipitation in a dry, plateaulike environment. GHS footwall rocks to the south of Mount Everest were instead exhumed largely to upper-crustal levels over the past ~5 m.y. Asymmetric exhumation is also supported by estimates of the volume of removed material inferred from calculations of AFT closure paleodepths (Fig. DR2) .
We suggest that younger ages to the south of Mount Everest are the result of erosion of high paleotopography that extended farther south during the mid-Miocene (Fig. 3) . In order to test this asymmetric tectono-topographic and erosional scenario, we used Pecube (Braun et al., 2012) , a finite-element code that solves the three-dimensional (3-D) heat transport equation in a crustal block affected by vertical and/or horizontal advection with evolving topography (Fig. 3 ; cf. the Data Repository for details).
Present-day topography was inferred from the Shuttle Radar Topography Mission (SRTM) 90 m digital elevation model (DEM) version 4.1. The code incorporates the STDS as a low-angle, north-dipping normal fault. AFT ages from north of Mount Everest indicate STDS activity between 16 and 12 Ma. In the model, the hanging wall moves northward with respect to the footwall. We assume that at 17 Ma, relief similar to that observed today north of Mount Everest extended southward to the present trace of the MCT in eastern Nepal. For our best model, we imposed 10% of present-day relief on a mean altitude of ~5000 m in the region south of Mount Everest ( Fig. 3A; Fig. DR4B) , and then we progressively increased relief and lowered mean altitude starting at 5 Ma, according to details specified in the Data Repository.
This model of asymmetric exhumation produces results consistent with a protoplateau that began to be eroded between 5 and 2 Ma. A symmetric model, i.e. with no protoplateau erosion, cannot explain the observed ages (see the Data Repository). Inverse modeling following the method presented in Braun and Robert (2005) and Robert et al. (2011) for free parameters shows that (1) the STDS had to be active before ca. 12 Ma to explain the thermochronological data observed at Mount Everest (Fig. 3C) , and (2) erosion south of Mount Everest (at rates of 1-3 mm/yr after 12 Ma; Fig. 3D ) controlled the attainment of modern relief and is responsible for the younger ages observed on the southern side of the modern drainage divide.
IMPLICATIONS FOR TECTONIC AND TOPOGRAPHIC MODELS OF THE HIMALAYA
Our results have implications for tectonic models of the Himalayan orogenic system. The wedge-fault model of Yin (2006) proposes that the STDS originated as a north-verging passive back thrust above the GHS rocks and is connected to the north-verging Great Counter Thrust (GCT) along the India-Asia suture zone. This requires simultaneous slip on the STDS and thrust burial of rocks in the Everest region, as well as in the footwall of the GCT. Results presented here, and those of Carrapa et al. (2014) from the rocks in the footwall of the GCT, indicate regional cooling, rather than burial heating, during early to mid-Miocene time. This argues against a connection between the GCT and the STDS at that time. The popular channel flow model proposes that GHS rocks (including those forming the bulk of Mount Everest) were extruded southward from beneath the Tibetan Plateau in a viscous channel bounded by the STDS at the top and the MCT at the bottom. This model couples climate-driven erosion and young and rapid exhumation (<6 Ma at rates up to 10 mm/yr; Jamieson et al., 2004) of GHS rocks within the channel. We note that the MCT and its hanging-wall rocks (GHS) have been structurally and erosionally breached by growth of a large duplex in underlying Lesser Himalayan rocks beginning at ca. 11-10 Ma, some 10 m.y. after formation of the MCT and STDS (e.g., Robinson and Pearson, 2006) . Accordingly, the relatively steep northward (30-45°N) dip of the MCT along the south flank of the modern High Himalaya was produced by passive northward tilting above the Lesser Himalayan duplex, rather than by steep, surfaceward advection of GHS rocks while the MCT and STDS were active in early Miocene time. If such advection did occur, it must have taken place farther south, near the front of the modern Himalaya along the original trace of the MCT. Coupled with our results, this indicates that the STDS has been localized to its present location since the early Miocene. We suggest that during the Miocene, an elevated area similar to modern Tibet extended south into Nepal (Fig. 3A) ; the orographic barrier at that time was farther south and has migrated to its modern position over the past ~5 m.y. as a result of erosion.
